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This report covers thr, work perfomd during the second cparta~. 

of the contract period of performance. 

Analysirs of variance of the m a  I Screen Test data and the 

phase I Tempratwe-Power Stresa Tests wadl undertaken emplaying the 

methwd of ffsignificant differencmefl. 

Upon completion of the Pbrao III Scmen Teats the matrix conditione 

for the Phaaa 111 Llfe Terst wu. determined and tho Ph.8. III Llfm Tert 

uaa i n l t i a t d  
4 

Forty (40) resistors were damaged by an accidental overload and 

. 
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1.0 INTRODUCTION 

“he purpoac of t h i s  contract  18 t o  develop and conduct a matrix 

t e a t  f o r  metal film r s e i r t o r o  employing temperature, power 

d is r ipa t lon ,  and vibration a8 the stress. 

be evaluated and va l id  acceleration faotors established for tihe 

different cmblnations and levels of streso. 

The test  results Will 

An aceelerat ion factor f o r  metal film resistors is t o  be established 

by employing variaue stresr  matrix t e s t s  and a aathematlcal  formula 

baaed on the Weibull Mstr lbut ion.  

tee$&, a matrix of useful Individual r t r e s sea  or c m b ~ a t l o n s  

thereof w i l l  be determined and longer tern t e s t s  w i l l  be completed 

through t he  range from low t o  h igh  stress conditionr t o  generate 

the neceeaary p l o t s  for a ver i f i ed  accelerat ion fac tor .  

Upon caaapletion of the init ial  

All f a i l u r e s  are t o  be analyzed t o  determine the  modes of failure. 

The condition and cause 1s t o  be determined for 8aCh mode of 

f a i lu re ,  and frm the d i s t r ibu t ion  of f a i l u r e s  versu8 strosa l e v e l s  

it will be established whether each mode i r  a function of design, 

pmaens, or  materials.  Approprlat. rtrers screening techniques 

aapablr of detecting the huwn mode6 of failure are t o  be established. 

The Second Quarterly Report continues with the  ana lys i s  of data 

frm the Phare I Matrix and the t e s t i n g  of uomponenta In the 

Phare I11 Matrix. 

1 
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2 .O FACTUAL DATA 

2.1 Effects of Screen Testing on Life Terst Results 

A comparison of da ta  was made to test for a i g n j f i c a n t  

differences between screened and unscreened u n i t s  during 

the various stress conditions of the 1OOO-hr. Life Test. 

Data f o r  Manufacturing Types A ,  B & C were used collectively 

f o r  this  firs% comparison. Results are shown in Table I for 

both 100 ohm and 39.2K o h  units. 

taken from Table A-7a.F Distribution, upper 5% points (F.95) 

degrees of freedom f o r  numerator, Page 388 of rfIntroductian 

to Statistical Analysis", Dixon & Massey, McGraw-H-l.11, 1957 . 
Significant differences are seen between results of the screened 

Table values for F w e r e  

d 

and unscreened groups in thirteen of the thirty-two cases and 

in three cases the severity of t h e  test; cond i t ions  made thc 

data uncoiqarable. 

indicating differences between screened and unscreened units 

appear in the 2 5 T ,  70°C and 125°C temperature groups which 

were loaded from 1 X rated power to 5 X rated pawer. 

1SO"C and 10 X rated power groups showed little or 110 alg- 

The most promising remilts as far as 

The 
L 

ni f icant  difference h'tween the screened and unscreened group8 . 4 .  

Probably the differences indicated in the lower stress conditions 

were masked by the increased severity of  the higher etreaa 

conditions. 

2.2 conrpari son of A l l  Phase I Teats for Each Ty-pe 

Variance of data was compared for each Manufacturing Type (Toe., 

A, B and C) for a l l  tests performed in Phase I. Overstress 

Load (S.T.O.L.) was eliminated in this comparison since the 

2 
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loo OHM t .  

Rated Power x 1  x 2% X S  x 10 
25°C : 
Screened Variance .OOO1 
Unscreened Variance .OOO5 
F - Ratio 5.m 
Table Value P.95 (30, 30) = 1.84 

70°C : 
Screened Variance .0009 
Unscreened Variance .0013 

Table Value F.95 (60, 60) = 1.56 
F - Ratio 1.44 

125OC : 
Screened Variance . m z 3 9  
Unscreened Variance .Wl?llr 
F - R a t i o  5.079 
Table Value Fogs (!LO, 40) = 1.69 

150°C : 
Screened Variance *3679 
Unscreened 'v';i,riance . 5?03 
F - Rat io  1.m 
Table Value F.75 (60, clO) = 1.56 

.m7 . 0019 

.OM6 .0074 
1.16 3.139 

(60,  60) = 1.56 (30, 24) E 1.94 

0235 
.m73 

3 219 
(20, 20) - 2.12 

.Ob86 . 0926 
(10, 10) = 2.98 

1.91 

2371.62 
3128. L76 

2668.48 
2084 . 8l.4 

-1.279 
2 -40 

Screened Variance .xu1406 
Unscreened Variance .000231 
F - Tiatio 1.758 
Table Value F.95 (30, 30) 1-84 

39 2K 

Rated Power x 1  x 2+ X S  x 10 . 
25°C : 

00327 . 00658 

(10, 10) = 2.98 
2.012 

70°C : 

Wnscreened Variance . ooob34 
F - Ratio 2.361 
Table Value F.95 (40, 40) 

Screened Variance . OO-!! 877 

1-63 

l ? S ° C  : 
Screened Variance . OD117 
Unscreened Variance .00537 
F - Ratio rc.59 
Table Value  F.95 (40, 40) = 1.69 

150°C t 
Screened Variance .02564 
Unscreened Variance .Ob223 
F - Ratio 1.647 
Table Value F.95 (40, 40) = 1.69 

. 0 3  74 3.9SRl.L 

.102Ls5 2.7995 
1.223 I..!Cl39 
1.8L (IS, 15) = 2.40 

1.1268 11.8035'1 

2.42 1.285 
2 . 7271 15.170 

(15, 15) = 2.40 (9, 11) = 2.90 

N = 15 
9 Unstable 
6 Greater than 20, 1s 

N 0 15 
7 Unstable 
9 Unstable 

N = 15 
9 Unstable 
10 Unstable 

TARLE I 
3 
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9.8L 
f i e 2 6 9  

98.38 

A 

2.30 
1307 

53 
,0109 

100.8 
4933.66 

-2.00 . 1181 
2 .Ob8 

a 

2.88 
.1768 

f i 3 . 8 1  

2l4.20 
1256.22 

65.3 
1% 71. 

39.x, 1 x RAm 

A 

96 

9.86 

,1898 

2216 . 2 
U810.76 

03 .&a 
m;2' ' 

0 )  = 2.76 

B 

3.85 . 2818 
4.07 

15.0 
23 .56 

1.28 
1 . 2886 

5921 

12rOb 

C 

1.16 
0318 

-1,U 
1133 

b902 . 7 
11121.78 

1.86 
1.5058 

55.40 

TABLE 11 
L 
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= 
Temp. Cycle 

=x aa 

:;2 1 

::2 P, 

:;2 1 

Burn-ln 

I n i t i a l  Noise 

Load Life 

F .. Eiatio 

Table Value: FesS (’2, 

Temp. Cycle =X2 = 
= x  = 

--In SEX ZZ 

‘X2 = 

I n i t i d  Noise IEX2 = 
=x = 

Load Life =x3 * 
xx‘- E 

F - Rat io  

Table Value: Fays (3 ,  
I 

100 OIM, 2+ x RAm 

1.&8 
.0808 

15 
e 00% 

50 e 90 
634.36 

3.07 
60% 

5 . 2 9  

3)  = 2.811 

A 

. 80 
0394 

- 0  259 
2309 

153 0 
1301.96 

19.23 
156 54 

20 186 

1.10 . OS01 
-1.02 . 1098 

235.8 
4027 52 

-1.03 
5790 35 

e 5 7 5 9  

0) = 2.84 

B 

2.45 
1. 2415 

-1.67 
1.4925 

236.8 
4027.52 

16.08 
3155 2 

9.059 

TABLE I11 

5 

e 55 

- m u  
. 0112 

,0075 

1'7.3 
73 b 5 8  

h.15 
.8763 

108. &2 

C 

.35 

-1 54 

0265 

.0670 

lr63 6 
6935.12 

4.85 
760.25 

09.73 
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Temp. Cycle ZX = 
2x3 = 

Burn-In =x<, = rx' = 

Initial l?oise xX7 5 

=x = 

Load Life c 

2 x 2  5 

F - Ratio 
Table Value: F.95 (3 ,  

A 

. 1.38 
.M22 

04 
.OD24 

24.4 
31.38 

-.s3 

36.99 

.la9 

7)  = 2.84 

3 9 . ;! 9 , 5' x *UTE2 

n 

2 - 3 1  
.? 

-1 77 

b7.3 
iol: .36 

83 74 
L20.8008 

22.123 

.m37 

T-ULE IV 
6 

P 

e 7 2  
,9243 

- a 3 0  
.0115 

39.9 
(13.31 

1.70 
1.2128 

'i8.79 

C 

1.00 . QLG4 
-.13 . C11.8 

372.6 
SL31. PO 

20.99 
42. ;9a0 
82.317 



Temp. Cycle Z X  = 
EX? c 

I 
I 

I 
I 
B 

3' - Rnt,io 

h 

1 .$ 
.Oh19 

. 03 

33.3 
55.51 

2:. 2'905 
12.E7 

3.199 

Table 'v'aiue: Fec,5 ( 3 ,  ?s) = ?.?9 
1 

n 
.<T 

,0208 

1.0 
.0506 

P3.8 
359.68 

13.3'37 

c 

.)I3 
,0115 

.?7 
04.43 

24.7 
3'1.08 

61. !& 
324.7578 

14,985 

B 
I 
I 
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Temp. Cycle 
Load Life 

F - Uti0 
1 X Rated 
Group A 
Group B 
Group C 

Table Tralue : F. 95 ' (1, 60) = 4.00 

X Rated 
Group A 
Group B 
Group C 

111.22 
6263 33 

1;')t. 25 

Table Value: F.95 ' (1, 140) = L.08 

I 
5 X Rated 
Group A 
Group B 
Group C 

I Table Value: F.97 (1, 30)  = h.17 
1 
I 

10 x Rated 
Group A 
Group B 
Group C 

935 82 
217.66273 

L2222.66 

Table Value: Fa9; (1, 25) = b.24 
I 

Burn-In 
Load L i f e  

7.55: 
59 . 69 
1.35 

~ _ _  

1 c 2  . to 
642.639 
134.43 

TABLE V I  

0 

I n i t i a l  Noitse 
Load Lif'e 

10897 7.3 
311.995 

L0F.h. 93 

93.75 
24 0 834 
15.77 
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69373.8 
2217.9 

4.863 

Temp. Cycle 
Load Life 

1 

1 5969 
1.151 

7 8540.3 

F - Rat io  
1 X Rated 
Group A 
Group B 
Group C 

Group B 
Group C 

4.0 
102.6 
48.24 

2872.587 
30917.4 

39.96 
560.62 
443 88 

5 X Rated 
Group A 
Group B 
Group c 

123.67 

39.85 
4.196 

t 

2.747 
1716.5 

959 34 

Group A 
Group B 
Group C 

Burn-In I n i t i a l  Noise 
Load Life Load Life 

961k.26 
Unabl 
'Jnable t o  Determine 

4.62 
b.33 
7.008 

I 

I 
2.ou I 2805.9 

t o  Determine 

Table Value: F,95 d, , 30) = 4.17 

10 X Rated 

TABLE V I 1  
9 



res i s tance  change i n  most cases was not s ign i f i can t ly  l a rge  

enough t o  compare variances. Data comparisons are shown i n  

Tables 11, 111, N a n d V .  Signi f icant  differences are seen 

i n  a l l  cases f o r  eachManufacturing Type with the  exception 

o f  two cases (i .e.  the  100 ohm, 1 X ra ted  power and 39.2K, 

2* X ra ted  power for Pype A ) .  

The various temperature stress data were combined f o r  each 

power stress condition i n  t h i s  comparison. 

Comparison of Each Screen Test with Life Test f o r  Each 

$ 

2 .3  

Manufacturing Type 

The variance of data  f o r  each screen test  performed was compared 

witn the variance of load l i f e  data f o r  each Manufacturing 

Type ar,d each pok-er stress COnditiGn. The various temperature 

streus conditions were combined t o  provj de adequate sample 

sizes .for comparison. The S.T.O.L. t e s t  data  again was  

mrizted f o r  reasons given i n  Paragraph 2.2. The data sumrrlary 

i s  presented i n  Tables V I  and V I I .  

2.4 Phase I11 Tests 

Screen t e s t i n g  was performed on one-half of tho r e s i s t o r  

u n i t s  t o  be tes ted  i n  the Phase I11 Life Tests. The matrix 

conditions f o r  the Phase I11 Life Tests were selected as 

shown i n  Table V I I I .  

Yatrix I - 125°C 9 1 X Rated Powerr 

Matrix I1 - 70°C GI 2.5 X Rated Power 

Matrix I11 - 125°C 8 2.5 X Ttated Fower 

Matrix IV - lsO°C 8 10 X Rated Power 

TABLE V I 1 1  
10 
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An arbitrary se l ec t ion  of 1% res is tance  change i n  t h e  L i f e  

Test  is expected t o  produce no failures i n  Matrix I, a n  in t e r -  

mediate number of f a i lu re s  i n  Matrix I1 and Matrix 111, and 

100% failures i n  Matrix N. Matrix I is then t o  be considered 

t h e  base condition. 

Phase I11 l i f e  tests were i n i t i a t e d  and 40 uni te  were damaged 

due t o  an acc identa l  voltage overload. These u n i t s  were 

replaced from the standby u n i t s .  S e r i a l  numbers of t h e  p a r t s  

damaged and their replacements are as l i s t e d  i n  Table IX. 

M f g .  Type Damaged Units Replacements 

A 0303,!iL to 030380 03050% t o  030541 

C 0363U t o  036360 036521 t o  036540 

TULE XX 

11 
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3.0 A W Y S I S  

Application of the methada of anaZysis of variances 8s described 

in Raferencg (1) of The first Quarterly Progress Report indicates 

the diffemnces in the Li fe  Test results of "screenedll and llunscmenedff 

resistors 85 was shown in Table I. It is  then t o  be deternfned if 

the effects of "screeningt1 are beneficial. or detrimental. Also  to 

be dstenuined is which screen test or tests yield data which will 

closely correlate to the Life  Test results; thereby predicting i n  

advance the operating life chara-teristics of a resistor or lot of 

msistors , 

3.1 Effects of Screen Teste 

Rxmination of Table X i n d i c a t e s  that approximately 1/2 of 

the test groups indicate a smaller mean resistance change and, 

or a smaller deviation for t he  screened groups. Approximately 

25% of the groups tested indica te  both a smaller mean resistance 

change and devia t ion  f o r  the screened groups. 

It should be pointed out here that the Life Tests for the 

screened groups included those units which displayed excessive 

resistance changes during Screen Testing. 

It is felt at this point that removal of the non-conformlsts 

after Screen Testing and prior to Life Testing would show a 

def in i t e  superiorlty in both the mean resistance change and 

deviation for the screened units over the unscrsened units. 

This is to be examined in closer detail in a fu tu re  report. 

3.2 Correlation of the Varioua Screen Tests with Life Test 

Examination of Tables V I  and V I 1  does no t  indicate strict 

correlation for any particular Screen Test and L i f e  Test f o r  

12 
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.029 

.02& 

.026 

.025 

25OC t 
Screened 
Umcrveened 

1.53 
1.42 

70°C : 
Screened 
Unscreened 

2.93 
2.77 

125°C : 
Screened 
Unscreened 

-.Oh x 

1SO"C : 
Screened 
Unscreened 

.125 
e 025 

25°C : 
Screened 
kscreened 

70'C : 
Screened 
Una c reemd 

125OC : 
Screened 
Unscreened 

150.c 1 
Screened 
Unscreened 

7 
Flean 

0.072 
-a 064 

- 088 
=ml 

- 023 
-.026 

.268 
.386 

EFFECTS OF SCREEN TESTS 

x 

. 010 rn 

. 030 m 

. 015 m 

.a7 m 

x1 
--€E-- 

.020 . 015 

Oh3 
.025 

,034 m 

a 160 rn 

100 qHM 

Oh3 137 

39.2K 

TABLE X 

13 

-0017 
=mi5 

- -042 
a old 

7 .LO 
4.75 

-1 

297 . 125 
655 - 068 

10.1 
1.60 

26.2 m 

.os0 

.028 

.Qwc 
-3% 

.028 

.027 

7.39 
1.82 

Dev. 
~ 

.6l4 

.196 

. 232 . 1u 
1.99 
1.67 

3 e 4 4  

3.9a 

7 
-€Gii- 

.4 
e12 

34 m 
2660 
'GTG6 

3520 
2450 

I 

0 
Dev. 

153 
.OM 

. 221 
mi 
t ,  

48.8 
553  

51.7 
45.6 
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a l l  manufacturing types, 

collected from the 4000-hr. extended L j f e  Test, is expectod to 

provide additional information,  especially in the  low and 

mediun! stress levels. Other work in this area has indicated 

a direct c o r r e l a t i o n  between the 100-hr. Burn-in Test and 

extended Life Test. 

Examination of additional data 

3.3 Recommendations 

It is recommended that the Contractor procoed wtth testing 

and data analpis as 6 c h e d ~ l c d .  

I 
I 
I 

I 
I 


